The effect of a cationic surfactant Dodecyl thrimetyl amonium bromide (DTAB) on Remazol blue dye bisorption properties of living and dead A. versicolor biomass was investigated in this study. The effect of surfactant on biosorption and the functions of pH, dye and surfactant concentration was examined. Dye removal of fungal biomass was 58.1 % in the presence of 0.5 mM DTAB and 31.3 % in the absence of DTAB after incubation for 6 hours. In order to determine the optimal pH value, pH 3 to 7 with 0.5 mM DTAB was examined and the maximum biosorption was occurred as 58.1 % at pH 6 in 100 mg L -1 dye. To examine the effect of surfactant and dye concentration on bioremoval the surfactant concentration was varied from 0.5 to 2 mM and dye concentrations were 50,100 and 150 mg L -1 . Dye uptake by fungal biomass increased with an increase in surfactant concentration. To understand the dye removal activity of only fungus in the presence of DTAB, the dye removal value of only DTAB have been subtracting from the dye removal value of fungus with DTAB. The results showed that cationic surfactant DTAB enhanced dye biosorption by A. versicolor. The removal process used in this study is also a new approach and has a high value to remove reactive dyes from wastewater.
INTRODUCTION
Reactive dyes are commonly used in textile industry in Turkey because of some advantages such as easy to use and cost effective in synthesis process.
The discharge of waste water that contains high concentrations of reactive dyes is a well-known problem associated with dyestuff activities. The presence of very low concentrations of reactive dyes in the effluents is visible 1 . Some dyes have a potential of mutagenity 2 , carcinogenity and toxicity 3 . It is difficult to remove reactive dyes by using conventional waste water treatment methods because of their resistance to degradation 4, 5 . To decolorize these wastewaters some biological methods can be applied with using various microorganisms like bacteria, algae and fungi 6 . Recent researches on biological decolorization have focused on fungal strains as Phanerochaete chrysosporium 7 , Trametes versicolor 8 , Coriolus versicolor 9, 10 and Rhizopus arrhizus 11, 12 . There is a study that have shown the effective remazol blue removal capacity of growing A. versicolor 13 . However, there is no report about biosorption of dye by living A. versicolor biomass. The amphiphilic molecules surfactants possess both hydrophilic and hydrophobic parts 14 . The hydrophilic part is called the head and the hydrophobic portion is the tail (or tails) of molecule. The hydrophobic part may consist of a single chain or it may have up to four chains. The head can be a charged or uncharged polar group. According with the nature of the head groups the surfactants are classified into anionic, cationic, non-ionic and zwittterionic (amphoteric) 15 . Surfactants are used as leveling agents in dyeing stuff 16 . Recently, the usage of surfactants in dye removal from waste water treatment gains importance 17, 18 . There isn't any study using surfactants as an inducer to reactive dyes removal by A. versicolor biomass. The goal of this work was to study the effect of Dodecyl trimethyl ammonium bromide (DTAB) cationic surfactant on removal of Remazol Blue by A. versicolor. To our knowledge this is the first report correlating surfactatnt effect on dye biosorption properties of A. versicolor in a very effective way.
MATERIALS AND METHODS

Microorganism and growth conditions
The fungus used in this study, A. versicolor was isolated from soil samples from Batman, Turkey 13 . The microorganism was cultivated in liquid molasses media using the shake flask method. The growth molasses medium consisted of beet molasses solution (approximately equivalent to 10 g L −1 sucrose), 1.0 g (NH 4 ) 2 SO 4 , 0.5 g KH 2 PO 4 19 . pH of the medium was adjusted to 6 with dilute H 2 SO 4 and NaOH solutions after autoclaving. Once inoculated, flasks were incubated on a rotary shaker (New Brunswick Scientific Innova 4230) at 100 rpm for 5 days at 25 ± 1 o C After the growth period, biomass was harvested from the medium, washed with distilled water, and then filtered to remove water. For the biosorption studies, 5 g of fresh living biomass was added in to l00 ml of solution containing a known concentration of Remazol Blue or a desired combination of Remazol Blue and DTAB in an Erlenmeyer flask at a defined pH value. To show the biomass effect on biosorption, both living and dead biomass was added in to flasks. Dead biomass was prepared with autoclaving the filtered cell at 121 o C for 15 mins. ) was supplied from Fluka. Stock surfactant solutions were prepared from surfactant, at 1.0 g L -1 concentration by dissolving weighed amount in double-distilled water. Appropriate volumes of the stock solutions were added to the media.
Preparation of Remazol Blue and surfactant solutions
Biosorption experiments
Biosorption studies were carried out in a routine manner by the batch technique in 250 ml Erlenmeyer flasks containing 100 ml distilled water that included dye or dye and DTAB at desired level of each component at the beginning of the experiments. The flasks were continuously shaking in a rotary shaker at 100 rpm and 2 ml of samples were taken every 2 hours during 6 hours period. Before analysis the samples were centrifuged at 10000 rpm for 10 min and the supernatant fraction was analyzed for the remaining dye. Studies were performed at a constant temperature of 25 ± 1 o C to be representative of environmentally relevant conditions. To examine the effect of surfactant on bioremoval, the flasks including 100 ml distilled water, 100 mg L -1 dye and 0 and 0.5 mM DTAB were prepared at pH 6. The effect of pH was investigated with pH values of 3, 4, 5, 6 and 7 with 100 mg L -1 dye and 0.5 mM DTAB. In order to determine the effect of dye and surfactant on bioremoval, dye concentration was varied from 50 to 150 mg L -1 and surfactant concentrations were varied from 0.5 to 2 mM. To examine the effect of living and dead biomass, 1, 2 and 5 gr of fresh living and dead biomass was prepared. Dead biomass was prepared with autoclaving (121 o C for 15 mins) the filtered cell. The dead and living biomass was transferred in to 250 ml Erlenmeyers containing 100 mg L -1 dye in the presence and absence of 1 mM DTAB. The experiments were also repeated with the flasks containing no fungus, but the dye and DTAB at desired levels to observe any interaction between the dye and DTAB. All the biosorption experiments were performed in triplicate.
Analytical methods:
Concentration of Remazol Blue dye in the solution (diluted properly) was determined spectrophotometrically by using a UV/VIS spectrophotometer (Labomed Inc, USA). The absorbance of the color was measured at 600 nm where the maximum absorption peak exists. Absorbance measurements and centrifugation were performed using a Shimadzu UV 2001 model spectrophotometer and Med. Instruments MPW-351 R model centrifuge, respectively.
RESULTS AND DISCUSSION
The effect of surfactant on dye bioremoval properties of A. versicolor biomass was investigated as a function of initial pH, dye and surfactant concentrations and living and dead biomass. The percentage uptake of dye was calculated from Eq.
The uptake of dye by unit mass of fungus at any time (q m ) was determined from
where C o is the initial Remazol Blue concentration (mg L -1 ), C f is the final Remazol Blue concentration at any time (mg L -1 ) and X m is the dry weight of fungus (mg g -1 ).
Effect of surfactant (DTAB) on biosorption
The effect of DTAB on decolorization of dye was investigated in samples having about 100 mg L -1 initial dye concentrations in the presence and absence of 0.5 mM DTAB at pH 6 after incubation for 6 hours. Fig. 1 showed dye removal capacity of fungal biomass. According to the data obtained that fungus showed more dye biosorption activity in the presence of 0,5 mM DTAB than in the absence of DTAB. Dye removal was 58.1 % in the presence of surfactant, it was 31.3 % in the absence of surfactant and 13.4 % in the presence of surfactant without fungus. The biosorption process was about two times higher in the presence of surfactant than in the absence of surfactant. According to this data, biosorption of Remazol Blue by A. versicolor was enhanced by cationic surfactant (DTAB). Aksu et. al. (2010) showed that the anionic surfactant Sodium dodecyl sulfate (SDS) enhanced the cationic dye Methylene Blue biosorption by the filamentous fungus R. arrhizus 12 . In this present study, cationic surfactant DTAB enhanced the anionic Remazol Blue dye biosorption by filamentous fungus A. versicolor.
Effect of initial pH on biosorption
The effect of pH value on dye removal was determined in the samples having about 100 mg L -1 initial dye concentration in the presence of 0.5 mM DTAB. The experiments were performed at pH 3,4, 5, 6, and 7 for dye removal. As shown in Fig. 2 , Remazol Blue removal was 36.1 % at pH 3, 45 % at pH 4, 47.1 % at pH 5, 58.1 % at pH 6 and 47.4 % at pH 7, respectively. At pH 6 the fungus showed its maximum dye removal with 0.5 mM DTAB, i.e., 58.1 %. The effect of pH on Congo Red dye removal by A. niger was investigated by Fu and Viraraghavan. They tested the pH values from 2 to12 for 50 mgL-1 dye concentration by 0.2 g biomass and found a maximum dye biosorption capacity as 12.42 mg g -1 at pH 6 20 . In this present study, A. versicolor showed the maximum Remazol Blue biosorption capacity as 14.1 mg g -1 (Table. 2) with 58.1 % (Figure 2 ) dye uptake yield in the presence of 0.5 mM DTAB and 100 mgL -1 dye at pH 6. 
Effect of initial surfactant and dye concentration on biosorption
In order to investigate the effect of DTAB concentration on bioremoval of Remazol Blue at pH 6, DTAB concentration was used as 0.5, 1 and 2 mM while initial Remazol Blue concentrations were at 50, 100 and 150 mg L -1 . As it can be seen from Table 1 To understand the dye removal activity of only fungus in the presence of DTAB, the dye removal value of only DTAB has been subtracting from the dye removal value of fungus with DTAB. For example; the dye removal of fungus with DTAB was 90.2 % and the dye removal of only DTAB was 40.9 % with 1 mM DTAB in 100 mg L -1 dye concentration. The subtraction was 90.2 % -40.2 % and the result was 49.3 %. It is clear to understand that the surfactant enhanced dye removal and maximum dye removal activity was occurred with 1 mM DTAB in 100 mg L -1 dye concentration as 49.3 %
The effect of biomass on biosorption
The effect of fungal biomass experiments were conducted with the various amount of biomass such as 1, 2 and 5 g of fresh living and dead fungal biomass in 100 ml solutions with 100 mg L -1 dye and 1 mM DTAB. Dead biomass was prepared with autoclaving (121 o C for 15 mins) the filtered cell. The fresh living and dead biomass was transferred in to 250 ml Erlenmeyers that contained 100 mg L -1 dye in the presence and absence of 1 mM DTAB. As seen on Fig. 3 , augmentation of fungal biomass resulted in increased of biosorption capacity. The living cell dye biosorption was higher than the dead cell biosorption in all amounts of biomass in the absence and presence of DTAB. The dye biosorption capacity of fungal biomass was calculated at Table 2 , the augmentation of surfactant concentration resulted in the increase dye uptake by the fungus. Maximum dye uptake was observed with 2 mM DTAB as 22. 4 mg g -1 . The results obtained show that the cationic surfactant Dodecyl trimethyl ammonium bromide (DTAB) induced the dye removal of Aspergillus versicolor.
CONCLUSION
The effect of a cationic surfactant on textile dye Remazol Blue biosorption properties of A. versicolor was investigated as a function of pH, surfactant and dye concentration and living and dead biomass. A. versicolor as a living biomass showed its maximum dye uptake activity in 100 mg L -1 dye with 1 mM DTAB at pH 6 after incubation for 6 hours. This study showed that the cationic surfactant enhanced the biosorption of anionic reactive dye remazol blue in a very short period such as 6 hours. The use of surfactants in biological waste water treatment technologies is both a new approach and an economical way. From the above results, it can be concluded that A. versicolor can effectively remove Remazol Blue dye by the enhancement of surfactant. Optimal pH'ın belirlenmesi için pH 3 ile 7 arası denenmiş ve en iyi giderim pH 6'da belirlenmiştir. Sürfektan ve boya konsantrasyonunun biyosorpsiyon üzerine etkisi için denemeler 0.5, 1 ve 2 mM DTAB konsantrasyonlarında 50, 100 ve 150 mg L -1 boya konsantrasyonlarında yapılmıştır. Sürfektan konsantrasyonu arttıkça mikrobiyal boya gideriminin de arttığı saptanmıştır. Boya giderim deneylerinin sonuçlarını daha iyi anlamak amacıyla sürfektan ve mikroorganizmanın birlikte bulunduğu ortamdaki giderim verilerinden sadece surfaktanın gerçekleştirdiği giderim verileri çıkartılmıştır. Bu veriler sonucunda sürfektan bulunan ortamda canlı fungus biyokütlesinin tek başına en iyi boya giderimini 100 mg L -1 boya için 1 mM DTAB bulunan ortamda % 49.3 olarak gerçekleştirdiği tespit edilmiştir. Çalışma sonuçlarına göre katyonik sürfektan olan DTAB A. versicolor kültürünün boya giderim kapasitesini arttırmıştır. Bu çalışma sonucunda atık su arıtımında ekonomik bir yol olan sürfektan kullanılarak boyaların bu sulardan gideriminin arttırılmasının arıtım teknolojisinde yeni bir yaklaşım olacağı sonucuna varılmıştır.
